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@ Packet-at-a-time reporting In a data link controllar. 

@ A data link controller (DLC) 52 is disclosed 
which employs buffers (100,106) on both re- 
ceive and transmit sides. These last-In, first-out 
buffers contain a positton indicating that a 
character is the last one of a packet In this way, 
a user need not monitor reception or transmis- 
sion on a character-by-character basis, but 
need only concern themselves with packets. 
The receive and transmit FIFO's generate re- 
quests for more characters by nK>nitoring the 
numt>er of characters stored and thereby auto- 
matically receive and transmit characters with- 
out processor intervention. A four-stage 
mechanism (600,602,604,606.608,610.612,614) 
permits monitoring of nmiltiple contiguous 
frames (back-to-back frames) received. Control 
of the DLC is provided by status and control 
registers (112,212) which are accessible to the 
user via a microprocessor interface (50). Par- 
ticular registers have bit positions monitoring 
status conditons in such a manner that the 
nrK>st-probat>le one of a set of conditions oonv 
pries the least-significant bit position, while ttie 
least-probable condition occupies the most- 
significant bit position. This affords simple shift 
and test technique for monitoring status condi- 
tions. 
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(S 7) Abstract: The present im^ention provides a network interfeuse adapter for connecting a cUent computer to a computer network 
that Includes a reduced hardware media access controller (MAC9 coupled duougb a physical interface CPHY) to titt networic physical 
link. A significant portion of the MAC functionality is implemented as software within the processor of the host diem computer. The 
hardware portion of the preferred MAC implementation provides memory for buffering communications between the PHY and the 
client computer: The preferred hardware aspects of a MAC in accordance with the present irrvcntion also includes a r^ter inter&ce 
fw register-driven communications t)etween the hardware portion of the MAC and die software portions of the MAC implemented 
within the client computer. By implementing most of the MAC functionality in software within the host computer, the preferred 
MAC provides lower cost, lower power consumption, and generally greater flexibility. 
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REDUCED HARDWARE NETWORK ADAPTER 
AND COMMUNICATION METHOD 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to acUqsters, inter&ces and connections between a 
computer and a network. As a specific example, the present invention is described in 
terms of an adapter and a communication m^od between a computer and a computer 
network that functions in accordance with an industiy standard protocol such as IEEE 

10 802.3 or one of its extensions. 

2. Description of the Related Ait 

The present invention gmerally relates to an ad^ter for use in connecting a 
computer, referred to here as a client computer, to a network. The invention will be 
described and explained with reference to a particular implementation designed for one of 

1 5 the most common network configurations presatly in use, commonly known as an 
Ethernet™ network. This type of network more generally includes fliose netwoiks that 
implement the IEEE 802.3 standard, or one of the variations, modifications or 
improvements on that standard. For simplicity, all of these networks are referenced 
together as an IEEE 802.3 network, although that designation is not necessarily precise. 

20 The netwoiks referenced here provide a firamework for undarstanding the present 

invention, as do the adapters or network interface controllers that have been developed for 
those networics. 

1 
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CUent computers of a local area network are often connected together over a 
common physical link such as coaxial cable, unshielded twisted pairs of wires or shielded 
twisted pairs of wires. Information is transmitted by client computers onto the physical 
link in units of frames having one of a number of protocol-defined data structures and a 
5 quantity of data ranging from that of a minimum frame length and that of a maximum 
frame length. The BEEE 802.3 protocol in its simplest form aUows only one cUent 
computertotransmitinformationoveranydistinctphysicallinkat onetime. Iftwo client 
computers provide data to the physical link at the same time, or suffidently close in t^^ 

as to create interference between two message signals, the data are corrupted and must be 
10 discarded. Such an event is referred to as a coffision and must be detected by the client 
computers. IEEE 802.3 networks use carrier sense multiple access/coUision detection 
(CSMA/CD) to govern access to the physical link. Before a client computer transmits a 
message to the physical link, it detects whether a carrier signal is present on the physical 
link. Ifacaitiersignalispresentonthephysical link. thecUentcomputerwaits before 
15 transmitting the message until no carrier dgnal is present and the physical lu^ 

Once a client computer determines that the physical link is available, the client 
computertransmitsthemessagetothephysicallinkandontothenetwork. ThecUent 
computer monitors the physical link to detect any collision that might occur whUe it 
transmitsthemessageoverthephysicallink. The transmitting computer continues to 
20 monitor for coUisions after transmission during a subsequent message in progress period 
of time in which the transmitting computer is waiting for the message to reach its 
destination. Should the cUent computer detect a coUision. the client computer continues 
transmitting a signal, sometimes referred to as a jam sequence, until the transmission 
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contiinies for at least aperiod of time correq^onding to a minimum frame length. The 
cHent computer then pauses for a predetermined, random amount of time and attempts to 
gain access to the physical link to once again transmit the data. Each of the cUent 
computers attempting to access the physical link executes a similar backoff algorithm, but 
5 with different, randomly assigned waiting times so fliat a single cUent computer gains 
access to the physical link, with others of the waiting computers gaining access to the 

netwoik successively. 

Infonnation is typically organized into frames for transmission over an Ethernet 
or other type of CSMA/CD netwoik. HG. 1 shows the organization of a frame of data for 
10 an Ethernet™ frame and nG. 2 shows the organization for a frame defined in accordance 
with the standard IEEE 802.3. Both types of networks use a preamble consistmg of an 
alternating pattern of ones and zeros to mform a receiving station that a frame is coming. 
The Ethernet™ preamble (FIG. 1) further includes an additional byte that is the equivalent 
of the start of frame byte field defined in the IEEE 8023 network. The start of frame byte 
15 (SOF in FIG. 2) ends with two consecutive "1" bits and is used to synchronize the frame 
lecqition of the station connected to the physical link. 

The framing of information for these networks includes both the destination 
address and the source address for the message. The destination address may be a single 
target computer (unicast). a group of conqmtars (multicast) or all computers on the 
20 network (broadcast). The source address is the particular transmitting computer. 
Ethernet™ frames include a type field identifying the protocol of an upper layer 
application to receive the message. This field is not present in frames for the IEEE 8023 
network and is replaced by a length field that specifies the number of bytes of data in the 
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message. Both fiame structures provide a data field of arbitrary length within a range of 
possible lengths, foUowed by a frame check sequence (FCS). which is a four-byte cycUc 
redundancy check value. The FCS is created by the sending computer and is recalculated 
by the receiving device to check for damaged firames. 

Client computers communicating firames of data over a CSMA/CD network use a 
network interface controller to perform carrier sense, colUsion detection, and other aspects 
ofdata transmission and receive control. Control of data transmission includes generating 
the frame format and calculating the FCS byte. Data receive control inchides the detection 
of a frame, examining the destination address to determine if the message is intended for 
that computer, and performing a CRC or other frame check procedure to detennine if the 

friime is valid. Other forms of analysis may be performed on the frame or may have tp be 
performed when there is an error in the frame ofdata or in the receive operation. For 
example, information may have to be retransmitted if an error is detected during 
transmission. All of this processing is conventionally known and perfomtied in typical 
adapters or controllers that link cUent computers to a local area CSMA/CD network. 

The network interfece controller is implemented as an integrated circuit, such as an 
application specific integrated circuit (ASIC). An example of one configuration of 
Ethernet controller in an ASIC, described in U.S. Patent No. 5,872,920. is iUustrated 
schematically in FIG. 3. The network controller ASIC 10 interfeces with a bus 20 of a 
host computer system and with the twisted pairs or coaxial cable that are part of the 
physical link 30 of the network. Information is transmitted to and received from the 
physical interface by a transceiver 40 or through an attachment unit interfece 42. 
Information to be transmitted over the physical link 30 is encoded by encoder 44 and 
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decoder 46 decodes information received fiom the physical link. Typically, hdanchester 
encoding and decoding are used for IEEE 802.3 networks. 

A controller 50, which may be a microcontroller or other type of processor, is 
typically provided as a cote within the ASIC 10 to control the transmit and receive 
5 operations using appropriate transmit control 52 and receive control 54 programs or state 
machines. These programs handle the various data control operations required for 
transmitting and receiving data fitom a CSMA/CD network including, fat example,, 
handling error conditions for a colUsion on the physical medium and retransmitting 
corrupted data as necessary. Most all of the functionality desired to implement applicable 
10 standards, such as IEEE 802.3, is implemented within the controller 50. Data coming in 
and but of the controller 50 are buffered by a transmit FIFO 56 and a receive FIFO 58. 
Communications with the host computer, including the provision of data to the bus 20 of 
the host computer, are managed by the host interface 60. Provisions are made to update 
the host interface 60 by rewriting or updating a data set or program stored within the 
15 EEPROM 62. Furfter details of these circuits and the functionality ±ey hnplement are 
described inU.S. Patent No. 5,872,920, which is hereby incorporated by reference. 

It should be jq)preciated that, while Hbe netwoik inter&ce controller of FIG. 3 is 
implemented as a single ASIC other configurations are also common. For example, 
because tiie physical implonoitations for a particular network (including driving 
20 magnetics, digital to analog circuitry and analog to digital circuitry) can vary greatly, it is 
often desirable to provide the encoder, decoder, transceiver and other aspects of the 
interfjice to the physical link in a dedicated chip. This architecture may be implemented as 
a distinct PHY chip, allowing a greater level of flexibility that is often more cost-effective 

5 
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than a more integrated, single-chip network interfece controUer sohition. In 
implOTentations that im>vide a distinct PHY cUp. it is typical to im)vid^ 
the network controller on a second cMp, amedia access controUer (MAC) chip. The MAC 
of the network controller shown m FIG. 3 includes the controller or processor 50 with its 
programs, the buffering memory and, in most cases, the host-interface 60. 

Considerable effort has been made to increase the functionality provided within 
integrated circuit network interface controUers such as the ASIC 10 illustrated in FIG. 3. 
For example, additional functionality and flexibility has been built into network interfiice 
controUer chips to accommodate improvements or modifications in network 
communications standaixis. Particular attention has been paid to higher speed variations of 

the basic IEEE 8023 technology. 

SUMMARY OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention provide a simpUfied controUer that 
is better adapted to a low-cost, network-compatible computer. By providing a relatively 
simple interfiice stracture and by implementing more of the network interface control 
functionaUty within a processor on flie host computer, such prefened embodiments of the 
invention provide a low cost, highly flexible solution for anetwork interface. 

An aspect of the present invention provides a computer communications system 
having a transmit buffer coupled to at least one transmit data line. The transmit buffisr 
receives data fhrai a host computer and temporarily store the data before transmitting the 
dataoverthetransmitdataUnetoaphysicalUnkofadatanetwork. A receive buffer is 
coupled to at least one receive data line, the receive buffer adapted to receive data fifom a 
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physical link of a data network over the receive data line and temporarily store the data 
before providing the data to a computer. An anay of communication registers is also 
provided. The array includes a data register coupled to the receive buffer, wherein 
repeated reads ftom the data register causes data to be read fiom the receive buffer. The 

5 airay further includes a status register for storing data identifying a colUsion of data on the 
physical link of the network, where the status register is readable fiom the host computer. 
The status register also includes at least one bit signifying an interrupt state in at least one 
of a read and a write operation. 

Another aspect of the invention provides a computer communications system 
1 0 comprising a media access controUer including a receive buffer coupled to receive data 
fiom a data network and temporarily store the data before providing the data to ahost 
computer. The media access controller has communication registers including a data 
register coupled to the receive buffer, wherein repeated reads ftom the data register reads 
data fiom the receive buffer. The communication registers provide a status register storing 
15 at least one mtemipt bit The interrupt bit is set to indicate the presence of data received 
fiom tiie data network and destined for the host computer and tiie interrupt bit is readable 
by tfie host computer to indicate the presence of data to be read. 

Still another aspect of the invention provides a computer communications system 
comprising amedia access controller inchiding a plurality of communication registers. 
20 The communication registers preferably include a dataregister coupled to the receive 
buffer, wherein repeated reads fiom the data register read data received fiom the data 
network. A status register stores at least one interrupt bit, ttie interrupt bit set to indicate 
the presence of data received fiom the data network and destined for the host computer. 
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the interrupt bit readable by the host computer. A media independeat interface register 
stores at least one signal for controlling operation of PHY ciicuitiy coupled to the media 
access controller, wherein signals from the host computer are passed from the media 
independent interface register to control PHY circuitry as data arc read from the data 
network. A byte-count rcgister stores a value indicative of the number of bytes stored in 
the media access controller for transfer to the host computer, where the byte count register 
is decremented as data are read from the media access controller. 

BRKF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the present invention are better understood by reference 
to the following description that references and includes the following figures. 

FIG. 1 illustrates a firame structure for an Ethernet network. 

FIG- 2 illustrates a frame structure for a network in accordance with the IEEE 
802.3 standard. 

FIG. 3 illustrates a network interfile control chip that provides a high level of 
functionality on the chip. 

FIG. 4 illustrates an architectural overview of an aspect of the present inventioit 

FIG. 5 illustrates a particularly preferred implementation of a network controller in 
accordance with the present invention. 

FIG. 6 illustrates the network interface controller of FIG. 5 coupling a client 
computer to a network. 

FIG. 7 shows the addresses and functions for registers within a preferred register 
set provided within the controller of FIG. 5. 

8 
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FIG. 8 illustrates the structure and functions of the Ethernet data register of the 
FIG. 7 register set. 

FIG. 9 illustrates the structure and functions of the byte count register of the FIG. 7 
register set 

FIG. 10 illustrates the structure and fimctions of the command/status register of the 
FIG. 7 register set for write operations. 

FIG. 1 1 illustrates the structure and fimctions of ti»e command/status register of the 
FIG. 7 register set for read operations. 

FIG. 12 iUustrates flie structure and fimctions of the MO (media independent 
interface) register of the FIG. 7 register set. 

DETAILED DESCMPnON OF THE PiffiFERRED EMBODIMENTS 

Communication between a computer and a network is conventionally conducted 
through a network interfile controller (NIC) or adapter. Preferred embodiments of the 
present invention provide a reduced hardware implementation of a network interfiice 
controller. Implementations of preferred aspects of an adapter in accordance with the 
invention may provide computers with network interface connections that are lower in 
cost and consume less power than conventional controllers. Aspects of the present 
invention make it possftle to implement adapters in a manner that is far easier to modify 
to accommodate changes in technology or to provide solutions for unusual or specialized 
applications. 

Particularly preferred embodiments of the present invention provide a reduced 
hardware MAC with a significant portion of the MAC fimctionality implemented as 
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software within the host client computer. Most preferably, the MAC fimctionaHty 
embodied within the cUent computer is implemented as software within a processor of the 
client computer and most preferably the MAC ftmctionality is implemented within flie 
mainprocessor of apersonalcomputertypeof architecture. The hardware portion of the 
5 preferred MAC implementation provides memory for buffering communications between , 

the PHY and the client computer. The preferred hardware aspects of a MAC in 
accordance with the present invention also inchides a register interfece for register-driven 
communications between the hardware portion of the MAC and the software portions of 
the MAC implemented within the client computer. By implementing most of the MAC 
10 fonctionaUty in software within the host computer, the preferred MAC provides lower 

cost, lower power consumption, arid generally greater flexibility. 

Aspects of the present invention can provide an interfece between a cUeut or other 
computer and a network such as a local area network functioning in accordance wifli any 
of the defined IEEE 8023 protocols. Other related aspects of the present invention 

1 5 provide a method of communicadng information to. from or between a computer and one 
or more other computers through an IEEE 8023 network. The term IEEE 802.3 is used 
broadly here to generally encompass CSMA/CD networks including presently planned 
variations inchiding gigabit Ethernet™ and other variations that might be developed later. 
Aspects of the invention are beUeved to have advantages in interfecing to and 

20 communicating with other types of networks using other types of protocols. Many of the 
examples and explanations provided here are set forth in terms of conununicating with an 
IEEE 802.3 network, both because of the familiarity of these networks and because of the 
present prominence of IEEE 802.3 and Ethernet™ networks. Tlie specific appUcations 
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used to illustrate the invention are not, however, intended to limit the scope of the 
invention. 

Similarly, illustrations of the present invention are made within the ftamework of 
presentfy available and used IEEE 802.3 protocols. More advanced implementations of 
5 IEEE 802.3 and successors to IEEE 802.3 will be developed and brought to market in the 
future. Many aspects of the present invention are expected to have advantages when 
appUed to such networks, as well, 

no. 4 illustrates, fiom a schematic architectural point of view, aspects of a cUent 
computer 70 that are involved in communicating information to and fiom a network. "Die 
1 0 data network includes a physical link such as wire pairs or coaxial cabling that carries the 
actualdatasignalstoandfiomthechentcomputer. The cUent computer 72 connects to 
this physical Imk through the physical Uiyer of the network model indicated as PHY 72 in 
FIG. 4. The PHY might include the magnetic circuitry for placing signals onto and 
derivmgsignalsftomthephysicallmk. PHY 72 also mcludes appropriate support 
1 5 circuitry such as analog to digital converters, digital to analog converters, and phase lock 
loop detection circuitry for recovering signals fix)m the physical link according to a 
receivedorderivedclocksignal. Generally, the PHY 72 also includes encoding and 
decoding circuitry such as that illustrated in FIG. 3. 

The PHY 72 is generally adapted to a particular network protocol or definition. As 
20 such, aspects of the PHY 72 may vary significantly, but in a well-known and understood 
manner, between different appUcations of the architecture of HG. 4. PHY 72 is 
commercially available in a number of forms in different network eaviromnents, whether 

as a distinct chip or as a core to be provided within an ASIC. 

11 
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The next higher level of the n^oik model illustrated in FIG. 4 is the media access 

control or MAC 74. The MAC 74 may emhody a range of functionaKty, but generally 

serves the purpose of initially analyzing and formatting the stream of data bits provided by 

PHY 72 so that the data are in a form immediately usable by the upper levels of the 

network model. MAC 74 interfaces with flie operating system 76 of the client computer 

70 for the storage of data received ftom the network. MAC 74 is generally responsive to 

apphcation programs 78 within the cUent computer that communicate through the 

operating system 76 to generate messages for transmittal or requests for information. 

MAC functionality may include a number of different aspects of communications. 

For example, data ftom the network might be provided by PHY 72 in 4-bit parallel format 

The MAC preferably reformats that 4-bit parallel data into bytes or words appropriate for, 

fbe cUent computer, for example, 8-bit bytes or 32-bit words. Other aspects of 

communication that might be included in the MAC are address recognition, frame 

recognition, frame analysis, and detection of and management of collisions or other forms 

of network errors. As discussed in the background and illustrated in FIG. 3, conventional 

implementations of MAC 74 include a variety of fonctions on a single integrated circuit. 

Such conventional implementations of a MAC provide a processor or other form of logic 

capable of executing a state machine or program that performs these fonctions. 

Prefoied implementations of the present invention provide a simplified MAC, at 

least from a circuitry point of view. In most implemoitations, embodiments of the present 

invention wUl include a simpUfied hardware MAC and a complementary software MAC 

preferably within a host processor that will, in combination, provide much if not more of 

the fonctionaUty performed by the MAC illustrated in ¥IG. 3- Of course, implementations 

12 
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of a MAC in accoidance witb an embodiment of the present invention might provide less 
of the MAC functionality and stiU practice aspects of the present invention. In contrast to 
the MAC of no. 3, a MAC in accordance with preferred aspects of the present invention 
provides a nunimal set of circuitry and implements most aspects of MAC functionality 
5 within a processor on die cUent computer 70. In a present implementation, a MAC in 
accordance with the mvention might include buffering memory and a communication 

register set with otiier aspects of MAC fvmctionality implemented as software to be 
executed by tiie microprocessor of a personal computer or similar type of cUent computer, 
no. 5 iUustrates particularly preferred hardware aspects of a network interfece 
10 adapter 79 in accordance witti the present invention. As iUustrated, the adapter mctades a 
PHY 72 appropriate to tiie target network physical link and a reduced hardware MAC. 
The reduced hardware MAC includes memory for buffering data as it is transferred to or 
received ftom the PHY 72 including, preferably, a latch for storing a receive error signal 
thatmayoccuronlyforaperiodofthetotdtimerequiredtoreceiveaframeofdata The 

15 remaining hardware aspects of fee iUustrated and particularly prefened MAC is a set of 
registers for handUng fee communication of instructions, status and error information and 
for fedUtating data transfer between fee adapter and fee client computer. Thus, fee 
iUustrated bus register interface 80 preferably includes a complete but relatively minimal 
set of communication and data registers so feat most of fee communication functions are 

20 performed witfiin the client computer and preferably in fee processor of fee cUent 
computer. 

StiU referring to ¥IG. 5, fee top two lines are signals for communicating wife fee 

media independent interfece (MU) witiiin PHY 72. The signal line MDCK provides a data 
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Clock signal from the interface 80 to the PHY 72 and is used for both reading and writing 
data to the MD of PHY 72. MDIO is a serial data line for ME conmiiaiications between 
the bus register interface 80 and the PHY 72. The type of instructions and other 
information provided over the MDIO line are in accordance with the requirements of the 
media independent interface, which is a known protocol and standardized within flie 
industry. 

The next two lines ilhistiated in HG. 5 communicate network conditions from the 
PHY 72 to the bus register interface 80. The line COL is a signal transmitted when a 
colUsion is detected on the physical link during the transmission of data from the PHY 72 
onto the physical link. The line CRS carries a signal identifying the presence of a carrier 
^ signal (carti^ sense) on the physical link while a message is being received: Signals on 
either of the COL and CRS lines are stored within a command/status register within the 
interfece 80 so that the host cUent computer can detect the error conditions and perform 
the appropriate error handling fonctions. 

The next line illustrated in FIG. 5 represents information provided by the PHY 72 
to the bus register interfece indicative of the yahdity of data received from the physical 
link. The line RXER carries a signal indicative of an error during the reception of data. 
The signal provided over line RXER might be a relatively short-lived signal at least as 
compared to the amount of time taken to transmit a frame of data. Consequentty, it is 
preferred that a latch 82 be provided along this line so that an error signal generated by the 
PHY 72 is held within the latch to raisure it is available for storage in the bus register 
interfeceSO after transmission of the frame of data is complete. The line TXER performs 
a similar ftmction for the transmission of data to the physical link. The interface 80 causes 
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a signal to be provided over line TXER when an error is known to have occurred in the 
transmission of data to the PHY 72 and the physical link beyond. For example, the line 
TXER may be used to indicate that an underflow error has occurred for the trananit buffer 
88 of the MAC. 

5 In the illustrated embodiment, the bus icgistwinterfece 80 stores data in units of 

8-bit bytes. Data provided to and fiom the PHY 72 are organized as four parallel bits. It 
is consequently desirable to refisrmat the 4^it data fiom the PHY into 8-bit data within an 
appropriately configured register 84. Register 84 is shown as a 4-8 bit parallel shift 
register. The output fiom register 84 is provided to a receive buffer 86, which buffers data 

10 received fixMn the physical link before it is read out into the cUent computer throu^ the 
bus register interface 80. Data from the cUent computer are provided in 8-bit bytes to a 
transmit buffer 88 that buffers the data befiwe providing it to register 90, which formats 
the 8-bit data into successive 4-bit data items and provides the data items to the PHY 72. 
The receive buffer 86 and transmit buffo- 88 are preferably FIFOs (first in, first out 

15 memories) of a size ^>i»opriate to accommodate latency within the cUoit computer. 
Because servicing of the adapter iUustrated in HG. 5 is but one of the tasks to be 
performed by flie prefored microprocessor of flie client conq)uter tibere may be occasions 
where the processor is not ready to handle the data being transmitted to or received firom 
the physical link. It is consequently desirable that the receive and transmit FIFOs be of 

20 sufBcient size to accommodate typical latency delays. In practice, it is believed that an 

appropriate buffer size is ^proximately the size of one packet or on the order of about two 

thousand bytes. The ^ropriate size of the buffer can be chosen according to the design 

of the system. Since the rate at which data either will be received or needs to be 
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transmitted wiU depend on the particular network being serviced by the adapter, the size of 
the buffer may vary significantly in different applications. 

FIG. 6 iUustrates an installation of the adapter 79 to couple a client computer 100 
to a network 102 through a set of twisted wire pairs 104. The iUusliated adapter 79 
preferably has the structure illustrated in HG. 5 and, in particular, provides a reduced 
hardware MAC 106 including the buffer memory and bus register interface 80 shown in 
nG. 5. The reduced haitlware MAC 106 is preferably coupled to the main processor 108 
of the cUent computer 100 through a bus 1 10. The bus 110 is preferably a thirty-two bit or 
largerbusoperatingalasuflBcientspeedtomovedatainandoutoftheMAC 106ata 
desired speed to minimize latency. An appropriate bus speed is facilitated by coupling the 
MAC 106 to an appropriate bus, such as a PQ bus or, in a particularly preferred 
embodiment, aPC Bus, Card Bus or other bus appropriate to coupfing a PCMCIA card to 
a computer such as a notebook or other portable computer. Typical implementations of 
these buses are sufficiently fest as to allow the implementation of significant portions of 
the MAC functionality as software running on the processor 108. The reduced size and 
reduced power consumption of preferred implementations of the adapter 79 are 
particulariy desirable for a portable computer implementation of the present mventioa 

At least portions of the cUent computer's operating system 114 and portions of the 
software aspects 1 16 of the MAC are expected to be available in memory 1 12 as 
information is transmitted to and received from the physical link of the network 102. The 
illustrated memory 1 12 may be partially within the processor 108 and partiaUy within an 
array of DRAM or other, less volatile mcmoiy including, for example, on a disk drive or 
in fiash or other solid state memory, hi other implementations, the iUustrated memory 1 12 



16 



wo 01/22690 PCT/USOO/40775 



might be entirely inside or outside of the processor 108. Regardless of the particular 
memory implementatioii, the software aspects of the MAC 116 preferably communicate 
through the operating system 1 14 within the processor 108 to the hardware aspects of the 
MAC by addressing the communication registers 80 within the MAC 106. 
5 The communication registers within the bus register intcrfiice 80 are addressed 

using aprefeired register address scheme. In the embodiment iUustrated in part in nG. 7, 
a three-bit address signal can be used to address a minimal register implementation 
including a total of eight registers. As shown, four data registers are provided in the four 
lowest addresses, with the next two registers and addresses preferably dedicated to byte 
10 countregistersstoringthenumberofbytesavailabletobereadfiDmtherecdveFIF086. 
'ihedataregistersareiUustratedingrMterdetailinnaS. Repeated reads ftom the data 
registers read data out of the receive FIFO 86 and repeated writes to the data registers wUl 
fill the transmit FIFO 88 with data to be sent to the network 102. The byte-count register 
is iUustrated in greater detail in FIG. 9. These byte-count registers are used in read 
15 operations to indicate whether and how many data remain to be received fiom flie network 
102. As data are written into receive buffer, the value stored in the byte-count register is 
incremented and, as data are read fiom the receive buffer 86. die value stored in the byte- 
count register is decremented. 

It should be noted that the data received fiom the network might include erroneous 
20 data or might include proper fiame data. As such, it is generally undesirable to rely on die 
transferred data itself to indicate whether additional data remains to be received ftom the 
network. 
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FIGS. 10 and 1 1 illustrate the command/status register for write and read 
operations, respectively, both of which have the same address but differoit definitions for 
the write and read operations. Bit 0 is defined for enabling interrupts from the adapter to 
the operating system of the client computer during write operations. Bit 7 of the 
5 command/status register is set by the cUent computer to reset the adapter. This bit dears 
automatically with the reset of the adapter. 

When the MAC software 116 is reading the adapter, the command/status register 
(FIG. 1 1) uses bit 0 as an interrupt pending bit to notify the host cUent computer of an 
interrupt pending to be read. The MAC software 116 reads the command/status register to 
10 determine what action is required by the mtemipt. whether there is data to be read (BQ or 
if there is an error (COL, CRS) to be handled. Once the interrupt bit is read, it is reset. 
The remainmg bits 1-3 provides carrier sense, collision sense and receive data valid 
signals from the PHY. When the byte count bit BC is not zero, the MAC software begins 
reading the data registers to read data out of tiie receive buffer 86. When either of the 
15 COL or CRS bits is valid, the MAC software 1 16 is called on to handle the aror 

condition, either by performing a backoff algorithm (COL) or by discarding the received, 
oroneous data (CRS) by flushing the receive bufBar of tfie erroneous data. 

HG. 12 shows definitions of bits within the MH register, which occupies the final 
position within the preferred bus register interfiice 80. The MH or a reduced media 
20 mdependent interfece (RMU) is used by the MAC software 1 16 to control and monitor the 
operation of the PHY. Communications of MH information is conducted serially through 
the MD bit of the MH register, through the MDIO line (FIG. 5) and through the MDIO pin 
of the PHY. 
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The MAC softwaie 1 16 controls much of the operation of the adqiter 79. 
Generally, the MAC software can be viewed as including a lower level piece that handles 
interrupts and data transfer and an upper level piece that performs more sophisticated, but 
less immediate operations. Receive operations are interrupt driven and the interrupts are 
5 handled by the lower level faciUty of the MAC software 116. When the operating system 
1 14 receives an interrupt from the adapter 79, the operating system caUs the lower level 

fecility of the MAC software. 

The lower level facility reads the command/status register to clear the mternq>t 
pending bit If there are data present, the lower level fedlity begins a loop to first check 
10 the byte count in the byte count register (FIG. 9). If the byte count is zero, the lower level 
iBuahty exits the loop and returns to a standby state and if the byte count is non-zero, then 
the data are read fiom the data register (HG. 8). The loop continues until the byte count 
reaches zero and then lower level facihty exits the loop and returns to a standby state until 
another intemq)t is detected. 
1 5 The data read out by the lower level fitcility is stored in a buffer witiiin the 

processor or in DRAM. Further processing is necessary in accordance with the frame 
definition and other processing relevant to the IEEE 802.3 or other protocol by which the 
network is organized and communications proceed. For example, processmg of the data 
packet for an IEEE 802.3 network might inchide the processor 108 detecting a frame 
20 preamble, checking the fiame length to detenmineifthe frame is ofa valid length. The 
processor evaluates the frame using the FCS data to evaluate whether the frame is valid. 
For example, if the FCS data is CRC data, then a polynomial division is performed on the 

data using the protocol defined check polynomial to deteraiine if the data are valid. All of 
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these functions are performed by an upper level facility of tfie MAC software 1 16. The 
MAC software also may perform filtering to detect whether the address of the packet is 
relevant to the host client computCT. 

The MAC software further tracks tiie network statistics in accordance with network 

5 protocols. Statistics include the number of frames successfully transmitted and the 
fi^uencies with which erroneous firames are transmitted. These statistics are made 
available to network management software, such as software in accordance with a simple 
network management protocol. 

The operation of writing data to the networic is also a cooperation between the 

10 MAC software 1 16 and the adapter 79. Data to be provided to the network is formatted by , 
the upper level facility of the MAC software into q>propriate frames and the upper level 
facility calculates the FCS data, such as appropriate cyclic redundancy check (CRC) data, 
and zppends the FCS data to the frame. The frames of data are passed to the lower level 
frurility of the MAC software, which writes the data to the data regist^ and thus to the 

15 transmit FIFO 88 of the adapter. The low-level portion of the MAC software 116 

monitors the adapter during transmission to oisure that data are transferred safely from the 
bufSsr FIFO 88 to the network. For example, the low-level facility checks the FIFO to see 
if the FIFO is full and cannot receive additional data or if the FIFO has been completely 
emptied (an underflow condition). The low-level facility further monitors the COL bit of 

20 the command/status register to determine if there has been a collision. 

The upper levels of the MAC software 1 16 perform the well-known fimctions of an 

Ethernet™ or IEEE 802.3 network. These functions are conventionally irrqilemented as 

software or state machines within the processor of a conventional network interface 
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controller. As such, it is well wifliin ihe ordinary skill in this art to implement these 
functions in the microprocessor or other processor of the host client computer. These 
aspects of the invention will therefoie not be further described here. 

Installation of an adapter in accordance with the present invention would proceed 
5 by installing the reduced hardware MAC, for example within a PCMCIA card that also 
includes PHY circuitry ^ropriate to the target network. Driver software is installed to 
the host computer in a manner that the MAC software is available to be accessed by the 
operating ^stem of the host compute. 

Certain variations of the design discussed here wiU be apparent to those of ordinary 
10 skill in the art For example, the reduced hardware MAC illustrated in nO. 5 is readily 
implementiMi as a core to lie implemented in an ASIC or within the PHY. It is possible 
that the reduced hardware MAC could be iinplcmented as a distinct core within a system 
on a chip, with the software aspects of the MAC implemented within the system on a 
chip's processor. Preferred aspects of the present mvention provide a flexible architecture 
15 for a networic interface adapter. As such, the inventors expect that adapters in accordance 
with the present invention will find appUcation in a variety of yet to be completed networic 
protocols. Moreover, the bus register interface might inchide different combinations of 
registers to effect the reduced hardware MAC of the present invention. 

Those of ordinary skill in the art will appreciate that a number of variations and 
20 modifications might be made to the particular embodiments described herein without 
varying ftom the basic teachings of the present invention. As such, the scope of the 
present invention is not to be limited to the particular embodiments described herein. 

Rather, the scope of the invention is to be detemiined fiom the claims, which follow. 
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mat is claimed: 

1 . A computer communicatioiis system comprising: - 

a transmit buffer coupled to at least one transmit data line, the tran^ 

adapted to receive data from a host computer and temporarily store the data before 
5 transmitting the data over the transmit data line to a physical link of a data network; 

a receive buffer coupled to at least one receive data line, the receive buffer adapted 
to receive data from a physical Unk of a data network over the receive data line and 
temporarily store the data before providing the data to a computer, and 

an anay of communication registers, the array including a data register coupled to 
10 therecdvebuffer.whereinrepeatedreadsfiomthedataregi8tercau8e8datatoberead 

from the receive buffer, 

the anay farther including a status register for storing data identifying a collision 
of data on the physical link of the data network, the status register readable from the host 
computer, the status register also including at least one bit signifying an intenupt state in 
15 at least one of a read and a write operation. 

2. The system of claim 1, further comprising a latdi coupled between the array and 
connections to the data networic. the latch storing an error signal identifying an enor in 
receiving a frame of data, the latch retaining the enror signal for a period of time sufficient 
to completely receive the frame of data. 
20 3. The system of claim 1, wherein repeated writes to the data register stores data 
within the transmit buffer. 
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4. The system of claim 1, wherein the transmit buffer is coupled to the data network 
dirough PHY circuitry. 

5. The system of claim 4, wherein the array further comprises a media independent 
mterfece register storing at least one signal for controlling operation of the PHY circuitry, 
wherein signals are passed from the media independent interface register to control the 
PHY during read and write accesses to the data network. 

6. The system of claim 1, wherein the array of communication registers are readable 
by network communication software executed by a processor of a host computer, wherein 
data read from the data network is received in frames and wherein the processor analyzes a 
frame of lectived data in accordance with frame check data stored within the received 
frame of data. 

7. A computer communications system comprising a media access controUer 
including a receive buflfer coupled to receive data from a data network and temporarily 
store the data before providing the data to a host computer, 

the media access controUer further inctading communication registers, the 
communication registers including a data register coupled to the receive buffer, wherein 
repeated reads from the data register read data from the receive buffer, and 

the communication registers fiirther including a status register adapted to store at 
least one interrupt bit, the interrupt bit set to indicate the presence of data received from 
the data network and destined for the host computer, the interrupt bit readable by the host 
compute- to indicate the presence of data to be read. 
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8. The system of claim 7, v4ierem the receive buffer is coupled to the data networic 
duottgh PHY circoitiy. 

9. The system ofclaim 8, wherein the coxnmunication registers include a media 
independent interface register storing at least one signal for controlling operation of flie 

5 PHY drcuitty, vvhema. signals from the host computer are passed from Ae media 

independent interface register to control the PHY as data are read from the data network. 

10. The system ofclaim 7, wherein the communication registers include a byte-count 
register storing a value mdicative of the number of bytes stored in the receive buffer, the 
byte count register bang decremented as data are read from the recdve buffer. 

10 11. The system ofclaim 10, wherein software residrait on fte host computer perfisrms 
a sequence of steps including checking a value stored in the byte-count register and, if the 
byte-count register stores a non-zero value, reading data from the data register. 

12. The system ofclaim 8, wherein a data transfer through the PHY circuitiy sets the 
intemipt bit and wherein the interrupt bit is read out to the host computer over a data bus 

15 ofat least one byte ofdata in width. 

13. The system ofclaim 7, furflier conqmsing software operable on ttie host computer 
for extracting data from a frame format. 

14. The system ofclaim 8, wherein the status register fiirther includes apluraUty of 
bits settable by the PHY circuitry to identify an enor on the data network.. 
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15. The system of claim 14, wherein the plurality of bits includes a carrier sense bit 
indicative of sensing of a carrier signal at an improper time on the data network. 

16. The system of claim 15, wherein the carrier sense bit is directiy readable by a 
MAC program executed within a processor of the host computer. 

.5 17. A computer communications system comprising a media access controller 

including a pluraUty of communication registers, the communication registers including: 
a data register coupled to the receive buffer, wherein repeated reads fixmi the data 
register reads data received from the data n^ork. 

a status register including at least one interrupt bit, the intenrupt bit set to indicate 
10 the presence of data received from the data network and destined for the host computer, 
the intomipt bit readable by &e host computer, 

a media independent interface register storing at least one signal for controlling 
operation of PHY circuitry coupled to the media access controller, wherein signals from 
the host computer are passed from the media independent interface register to control PHY 
1 5 ciicuitiy as data are read from the data network, and 

a byte-count register storing a value mdicative of the numbw of bytes stored in the 
media access controller for transfer to the host computer, the byte count register 
decremaited as data are read from the media access controller. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1 -21 as originally filed 

Claims, No.: 

1-17 as originally filed 

Drawings, sheets: 

1/7-7/7 as originally filed 

2. With regard to the language, ail the elements marked above were, available or furnished to this Authority in the 
language in which the international application was filed, unless othenvise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the intemationai search (under Rule 23.1 (b)). 

□ the language of publication of the intemationai application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of intemationai preliminary examination (under Rule 
55:2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemationai application, the 
intemationai preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemationai application in written fonn. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable fomn. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemationai application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under Item 1 and annexed to this 
report.) 

6. Additional observations, If necessary: 

HI. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined In respect of: 

la the entire intemational application. 

□ claims Nos. . j 
because: 

□ the said intemational application, or the said claims Nos. relate to the following subject matter which does 
not require an intemational preliminary examination {specif^: 

gj the description, claims or drawings {indicate particular elements t)elo]^ or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify^: 
see separate sheet 

la the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no intemational search report has been established for the said claims Nos. . 

2. A meaningful intemational preliminary examination cannot be candied out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written fonm has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 
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III. Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1a. The various definitions of the invention given in independent apparatus claims 1 , 7 
and 17, are such that the claims as a whole are not clear and concise, contrary to 
Article 6 PCT. The claims should be recast to Include only the minimum necessary 
number of independent claims in any one category (Rule 6.4(a)-(c) PCT). 

In the present case it is considered appropriate to use only one independent claim 
in any category. 

lb. This opinion is also corroborated by the fact that independent system claim 1 
relates to a structure with a transmit buffer, a receive buffer and an array of 
registers whereas independent system claim 7 relates to a structure with a media 
access controller and communication registers and finally claim 17 to a stmcture 
with a data register, a status register, a media independent interface register and 
a byte-count register. 

It seems, therefore , that there is no special technical features linking these 
three claims (Rule 1 3.2 PCT). 

2. There is a problem of clarity as to their category for most of the claims: 

According to the PCT only two basic kinds of claims exist, viz, claims to a physical 
entity (apparatus) and claims to an activity (process) (cf. PCT Guidelines C-lll, 
3.1). As a consequence, a claim for an apparatus should contain structural 
features (e.g. "means for..." or "means arranged in such a way as to...") as 
opposed to process features. 

Formulations like "wherein repeated reads from the data register causes data to 
be read from the receive buffer....", "the status register readable from the host" 
"the latch retaining the en-or signal for a period of time sufficient to completely 
receive the frame of data", "repeated writes to the data register stores data within 
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the transmit buffer", "wherein signals are passed from the media independent, 
data read from the data network is received in frames and wherein the processor 
analyses a frame..." etc., are not considered as defining structural features but 
as defining functions. 

The clarity of claims is of the utmost importance in view of their function in defining 
the matter for which protection is sought. In view of the differences in the scope of 
protection which may be attached to the various categories of claims, the wording 
of a claim should leave no doubt as to its category (Article 6 PCT and PCT 
Guidelines C-lll, 4.1). 

The claims should therefore be amended in such a way so that they are clearly In 
the apparatus category. 

3. The Independent claims 1 . 7 and 1 7 lack clarity (Article 6 PCT) in that they merely 
con-espond to a list of elements without any information as to how these elements 
are connected and about which information or signals circulate between these 
elements. According to the description the invention is an networi< interface 
adapter to couple a computer to a networt<. The claims however do not specify 
which elements are connected to the computer side, which other elements are 
connected to the network and finally which elements are connected in-between 
and how they are connected to the rest of the structure (i.e. by which links). 

This lack of clarity is emphasized by the fact that firstly these elements are not 
clearly indicated in the corresponding figures 5 and 6 describing the hardware, 
secondly by the fact that no reference signs are included in the claims making it 
impossible for the reader to make a correlation between the claims and the 
description and thirdly by the fact that these three claims use different temninology 
rendering it impossible to understand if the elements described in one claim are 
the same as the elements described in another claim. For example claim 17 has 
no communication registers but a media access controller whereas claim 1 has no 
media access controller but communication registers. Figure 5 discloses neither 
communication registers nor a media access controller. 
The introductory part of the description mentions that the invention relates to 
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adapters, interfaces and connections between a computer and a networl<. Page 
13 furtlier mentions tliat figure 5 illustrates a network Interface adapter 
according to the invention. The independent claims however relate to a computer 
communication system instead of an adapter and do not cleariy con-espond to 
the adapter described in the figures. Does the array of communication registers of 
claim 1 conrespond to the "bus register interface" of figure 5? Where Is the status 
register figure 5? Why are the circuits LATCH and the 6 lines (MDCK to TXER) 
not mentioned in claim 1? Where is the Media access controller in figure 5? Is this 
media access controller connected to Bus register Interface 80? or Is it the same 
as circuit 80? Or does circuit 80 corresponds to the "communication registers? 
Where is the byte-count register in Figure 5? 

In conclusion the independent claims do not use a consistent terminology either 
between themselves or with the rest of the application as required by Rule 10.2 
PCT. They do not contain all the technical features essential to the invention and 
therefore do not meet the requirement following from Article 6 PCT taken in 
combination with Rule 6(3)(b) PCT. And finally, their broad and vague fomnulation 
is not supported by the description (Article 6 PCT). 



4. Claim 1 7 refers to the receive buffer when no receive buffer as been defined 
beforehand in the claim. Claim 17 is therefore also unclear for this reason (Article 
6 PCT). 



5. In view of the above objections, it has not been practicable to carry out a full 
examination of the application. 
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Certain defects In the international application 

I 



Tile following documents liave been considered for the purposes of this report: 
D1: EP-A-0 647 082 
D2: US-A-5 265 094 
D3: US-A-5 103446 



II 

1 . To meet the requirements of Rule 6.3(b) PCT, the independent claims should be 
properly cast in the two-part form, with those features which in combination are 
part of the prior art (see document D1), being placed in the preamble. 

2. To meet the requirements of Rule 5.1 (a)(ii) PCT, documents D1 -D3 should be 
identified Tn the description and the relevant background art disclosed therein 
should be briefly discussed. 

3. Reference signs in parentheses should be inserted in the claims to increase their 
intelligibility. Rule 6.2(b) PCT. This applies to both the preamble and 
characterising portion. 

4. In order to fulfil the requirements of Rule 5. 1 (a)(iii) PCT, the description should be 
brought into confomnity with the new claims. 

Furthermore, following from the disclosure of documents D1-D2, the statement 
indicating the technical problem to be solved by the invention requires a revision 
which should be effected taking the requirements of Rule 5.1(a)(iii) PCT into 
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account. 



5. The drawings pages 5/7 to 7/7 do not fulfil tlie requirements of Rule 11.6 PCT 
because not following the minimum margins prescribed therein, e.g. figure 3 and 
figure 5 where some references are no longer visible. 

Therefore, the requirement of quality for good reproduction is in jeopardy (Rule 
11.12 PCT). 



6. The opportunity should be taken to correct some clerical errors in the application: 

• Page 1 1 , line 1 1 : the client computer 72 should presumably read 70; 

• Figure 6: the reference sign 102 is used twice in the figure for two totally 
different items, i.e the network and the set of twisted wire pair (see also PCT 
Rule11.13(m). 
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